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Abstract: 
 
 
 Beach profiles constructed from elevation data were used to evaluate the seasonal 
cross-shore morphological changes along three transects in Boundary Bay, British 
Columbia, Canada.  GPS/GIS data was utilized for the analysis of the seasonal migration 
of the upper shoreface at each transect and along the entire length of the shoreline.  The 
data was compared to the model of seasonal beach change that indicates winter beach 
erosion/retreat and summer beach accretion/progradation.  The trends observed in 
Boundary Bay exhibited winter beach accretion/progradation and summer beach 
erosion/retreat and this was in contrast to the generalized model.  The results may be 
attributed to the southerly orientation of the mouth of the bay.  During winter, storms 
arrive from the south and enter the bay directly and enhance erosion from the Point 
Roberts headland and increased longshore sediment drift.  The northwesterly wind 
direction in the summer results in reduced longshore sediment transport and less sediment 
entering the bay.  There was no observable impact of the mitigation structures on the 
morphology of the beach profiles. 
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1. Introduction: 
Coastlines are continually being reshaped by forcing mechanisms such as tides 
and waves which actively erode rocky coasts, transport the sediment through longshore 
current/drift and deposit the sediment in beach environments.  The progressive 
morphological alterations which occur within coastal zones give testament to the 
dynamic nature of these environments and, as such, are the basis for this investigation.   
One particular aspect of beach morphology useful is the analyses of beach 
dynamics are the seasonal cross-sectional transformations of a beach.  Cross-sectional 
beach profiles reveal seasonal-specific characteristics of beach gradient, sediment 
transport, and foredune migration, all of which can be related to the tidal and wave 
environments of a coastline.  An investigation into seasonal beach profiles was conducted 
in Boundary Bay, British Columbia from November 2008 to June 2009.  The study was 
organized within the context of the following three research questions: 
 
1. How do beach profiles change seasonally, specifically from summer to winter, 
in response to natural variations within the littoral cell? 
 
2. Do beach profiles vary spatially along the length of shoreline in Boundary Bay?   
3. How do mitigation features affect the rates of beach erosion? 
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2. Literature Review: 
 Coastal zones are dynamic environments which are continuously being reworked 
and reshaped by the hydrodynamic forces which act upon them.  Beaches accrete and 
prograde through sediment deposition and retreat through sediment erosion/removal.  
These processes alter the morphology and seaward extent of the shoreline and, in turn, 
the shoreline is continually changing in order to establish equilibrium between the 
addition and removal of sediment.  The equilibrium can be reflective of the local geologic 
setting, local sea level, sediment supply, wave climate, tidal range, and the dynamic 
forces acting upon the beach (Ruggiero et al., 2006b).   
 The morphological changes along a coastline can be examined through the cross-
shore and longshore processes acting upon it.  Longshore processes include longshore 
drift and the gradual, seasonal movement of sediment onshore/offshore that are 
responsible for macro-scale shoreline evolution in which the overall shape and sediment 
budget of the coast is altered over longer time periods (Haas & Hanes, 2004).  Cross-
shore processes are defined as the varying hydrodynamic forces acting upon a coastline at 
a variety of timescales and which produce significant beach profile alterations through 
depositional and erosional events.  Cross-shore processes induce short-term spatial and 
temporal changes of the coastline and are caused by variations in wave magnitude and 
frequency, tidal influence, and storm events (Pruszak, 1993). 
 Beach morphology is governed by the type of wave environment, tidal range, as 
well as the volume and type of beach sediment (Bernabeu et al., 2003).  The wave 
environment is influenced by climatic factors such as temperature, pressure, storm 
frequency, and winds, as well as the nearshore bathymetry.  Climatic factors are the 
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dominate influence as they affect wave energy, magnitude, and frequency which in turn 
effectively determine the morphological characteristics of a beach (Hapke et al., 2006).  
Seasonal variations in wave energy can be attributed to the changing climatic conditions 
observed between the spring/summer and the fall/winter months.  The high energy wave 
environments of the fall/winter months typically equate to beach erosion and the transport 
of sediment offshore whereas the low energy wave environments of the spring/summer 
months permits the transport and deposition of sediment onshore (Hayes and Boothroyd, 
1969; Davis and Fox, 1972).  This variation in wave energy is evident through examining 
the changing beach profile as the slope of the beach-face is steep in the winter and gentle 
in the summer (Aubrey, 1979).  Storm versus post-storm conditions have also been 
shown to produce cyclic changes in beach morphology in response to changing wave 
energy (Nordstrom, 1980).   
 The tidal range along a coastline determines the extent to which the beach is 
exposed during low tides and inundated during high tides (Hapke et al., 2006).  The tidal 
range, in conjunction with the effective wave environment, has a large influence on the 
beach morphology.  The extent of the high tide determines the upper boundary of where 
wave-induced erosion and deposition alters the beach profile and subsequently, the extent 
of low tide outlines the lower boundary of such processes.  In addition to high tidal 
ranges, increased water levels can be attributed to other oceanographic and atmospheric 
processes such as wind, barometric pressure, and increased storm activity (Ruggiero et 
al., 1997).   
 The sediment composition of a coastline is dependent upon the local geology and 
the dynamic processes acting upon the coast.  Beach grain size can vary from large, 
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coarse cobble and small boulder-like material to extremely fine silt, sand, and clay.  The 
variation in grain size and type is indicative of the overall intensity of the coastal 
processes acting on the beach (Inman & Filloux, 1960).  Coarser sediment is typically 
related to high energy coastal environments where the wave energy is sufficient to 
transport the material.  In addition, coarser sediment is often characteristic of geologically 
younger beaches in which long-term attrition has not reduced the sediment to smaller 
grain sizes.  Larger sized sediment is typically found close to its source, e.g. a headland, 
and therefore is not transported significant distances along a coastline (McLaren & 
Bowles, 1985).  Fine-grained sediments, on the other hand, are normally found within 
geologically older beach systems in which erosional processes have worn down the 
sediment into finer-grained sediments.  In addition, these sediments are found further 
from their source due to longshore transport effectively moving them along a coastline 
(Gao & Collins, 1994).  These finer sediments are found in both high energy and low 
energy coastal environments and are more conducive to exhibiting dramatic beach profile 
alterations when subjected to erosional and depositional events.   
 
2.1 Coastal Processes and Beach Morphology: 
 Coastlines are not static entities and therefore experience continually changing 
profiles, composition, and morphological features, determined by the interaction of the 
coastal zone with dynamic wave, wind, and tide environments.  Coastlines can be 
classified as either depositional, erosional, or mixed environments depending on beach 
morphology as well as the predominant hydrodynamic forces acting on them (Araya-
Vergara, 1986).  Strictly erosional coastal environments are typically composed of 
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bedrock outcrops and headlands that are eroded by high energy wave processes whereas 
strictly depositional coastal environments are extremely low energy environments with 
fine sediments being deposited.  Most coastlines consist of mixed environments 
constituted by headlands, beaches, and bays, in which both erosional and depositional 
processes rework the shore (Araya-Vergara, 1986).   
2.1.1 Tides: 
Tides are defined as episodic fluctuations in the elevation of the ocean surface 
yielded by the gravitational pull of the moon (Trenhaile, 1997).  Tides have the capability 
of moving large volumes of water, stimulating strong currents, and therefore influencing 
the morphology of a coastline.  Tidal ranges are important in tidal and wave-dominated 
environments as they influence the concentration of the waves as well as the vertical 
influence of the waves up the beachface.  A tidal range is determined by the difference of 
the mean low tide and mean high tide values for a region.  Tides influence the 
effectiveness of longshore drift to transport sediment along a coastline as high tides 
permit inundation of the waves further up the beach face, increasing sediment erosion and 
transport, whereas low tides are not as effective for moving large amounts of beach 
sediment; however they still participate in longshore drift.  The strength of nearshore 
currents also dictate the ability of longshore drift to move sediment, as stronger currents 
permit more movement and weaker currents allow less movement (Ruggiero et al., 1997). 
2.1.2 Waves: 
Waves are the predominate force affecting the morphology of a coastline as 
sediment is moved on and offshore by wave energy.  Waves are the product of wind 
blowing over the open ocean, forcing a build-up of water along continental-ocean 
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margins (Allan & Komar, 2000).  Changes in wave characteristics such as height, period, 
energy, and orientation to the shore, can be attributed to changes in wind speed, direction, 
as well as nearshore bathymetry (Figure 1) and it is these characteristics which 
effectively influence the movement of sediment within a littoral system (Hapke et al., 
2006).  Waves which exhibit low energy, long periods, and decreased heights typically 
push sediment up onto the beachface, thus shoreline progradation occurs.  Waves of 
higher energy, shorter periods, and steeper heights are congruent with sediment removal 
from the beachface and subsequent shoreline retreat.  
 
  
The orientation of the incident waves to the coastline determines the direction that 
longshore sediment transport occurs and is dependent upon wind direction (Figure 2) 
(Ruggiero et al., 2006a).   The amount of sediment transported by the waves is 
determined upon sediment supply, grain size, and wave climate (Ruggiero et al., 2006a).   
Figure 1: Image depicting the 
relationship between wind speed 
and wave height, period, and 
wave length (UMN, accessed 
2009). 
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Figure 2: Image showing how the incoming wave orientation to the shoreline effectively 
dictates the longshore transport of sediment along a coastline (Capital Regional 
District, accessed 2009). 
 
Coastal erosion is a product of wave run-up and the subsequent wave 
backwash/retreat which effectively removes sediment from the beachface or primary 
foredune (Stockdon et al., 2006).  As waves approach the shore, wave height increases in 
response to the decrease in water depth and eventually the wave crest becomes too steep 
and the wave breaks.  As the breaking waves come in contact with the beachface, the 
wave energy is dissipated across the surf zone in the form of wave swash and wave run-
up (Stockdon et al., 2006).  In addition to removing sediment from the beachface, wave 
swash and run-up actively transport sediment to higher levels on the beach, thus altering 
the gradient of the beachface (Masselink & Hughes, 2003).   
2.1.3 Sediment Transport: 
The transport of sediment within the nearshore zone is dependent upon wave 
action, tidal influence, and nearshore currents (Gao & Collins, 1997).  In tide-dominated 
coastal environments, the upper layer of sediment consists of cohesive fine-grained 
sediment whereas the lower layers contain cobble and gravel-sized sediment (Voulgaris 
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et al., 1998).  The upper layer is subjected to periodic re-suspension and deposition with 
every tidal cycle (Lin et al., 2003).  Tides and nearshore currents effectively control the 
nearshore circulation and movement of sediment by suspended load transport (Hequette 
et al., 2001).  The inundation of water, due to an incoming tide, possesses enough energy 
to overcome the critical shear stress of the cohesive sediments and thus re-suspend the 
material (Lin et al., 2003).   
Wave induced sediment transport occurs within the surf zone, along the upper and 
lower beachface.  Sub-aerial orbital movements beneath the waves remobilize larger 
sediment on the sea floor by overcoming the critical shear stress of the bed material (Lin 
et al., 2003).  The waves then move the larger sediment by bed load transport (Hequette 
et al., 2001)(Lin et al., 2003).  The degree to which waves effectively agitate and 
transport larger sediment grains is dependent upon the energy of the waves.  Storm waves 
move more material, both on and offshore, due to higher wave energy levels as compared 
to waves in calm conditions (Wang et al., 1993). 
 
2.2 Seasonal Changes Exhibited in Cross-sectional Beach Profiles: 
 Seasonal changes in beach profile morphology can be attributed to fluctuations in 
seasonal climatic forcing and weather conditions.  As a result, a summer-winter seasonal 
signature of beachface and nearshore zone morphology occurs due to seasonal variations 
in wave dynamics (Figure 3) (Owens, 1977).  Winter months (in the northern 
hemisphere), which are defined as November through to May, display higher storm 
incidence and severity which result in increased wave energy and frequency (Owens, 
1977).  The winter waves actively rework beach sediment through the erosion of the 
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beachface/foredune material and subsequent deposition of the material offshore.  The 
resulting beach profile displays a concave-up orientation with a steep beachface gradient, 
which serve as indicators that the beach is actively retreating due to the high rates of 
erosion (Araya-Vergara, 1986).  In addition to high energy erosional events, winter 
waves also move sediment further inland on the beach, often behind the primary 
foredune, even in non-storm situations (Matthew & Stone, 1996).  This winter accretion 
is due to higher water levels and wave heights, both of which contribute to elevated 
inundation levels and the subsequent transport of sediment over the foredune.   
 
Figure 3: The seasonal progression from a summer to winter beach profile depicting the 
associated movement of sediment onshore and offshore, respectively  
   (WHOI, accessed 2009). 
 
 The summer months in the northern hemisphere are defined as June through to 
October and are characterized by low energy and low frequency wave dynamics and 
seasonal beach progradation (Matthew & Stone, 1996).  The summer beach profile 
exhibits a convex orientation with a gentle sloping gradient beachface (Araya-Vergara, 
1986).  The shoreline undergoes dramatic accretion and progradation due to sediment 
transport and deposition onto the primary foredune/beachface by low energy swashing-
type waves (Ruggiero et al., 2006a).  Some of the sediment returned to the beach system 
during the summer months is derived from the offshore deposits generated from the 
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winter wave conditions (Matthew & Stone, 1996).  Along many coastlines, an increase in 
the width of the beach is indicative of shoreline progradation.    
An investigation into the seasonal beach migration along the west coast of 
Washington State, USA is provided by Ruggiero et al. (2003).  The study timeline was 
from Fall 1999 to Spring 2001 and during this period, the cross-shore and longshore 
spatial changes along the beach would be the most dramatic.  The fall/winter data 
indicated a net sediment movement offshore and significant beach retreat, in addition, it 
was found that the dominant longshore movement of sediment was northward along the 
coast during the winter months.  Throughout the spring/summer months there were 
predominantly milder wave conditions which were associated with the observed shoreline 
progradation of approximately 10-20 metres and beach accretion of roughly 1 metre.  In 
addition, it was determined that the cross-shore sediment transport was more significant 
and influential in the overall change of the beach morphology than the long-shore 
sediment transport (Figure 4). 
Other studies have shown similar seasonality in beach profile morphology along 
the coastline of Perth in Western Australia (Masselink and Pattiaratchi, 2001).  Summer 
conditions produced wider beaches while narrower beaches were characteristic of 
stormier winters.  However, rather than incident wave energy and wave height being 
responsible for these observations, changes in the beach morphology was attributed to 
seasonal variation in the direction of longshore sediment transport (Masselink and 
Pattiaratchi, 2001).   
Murphy 11
 
Figure 4: Image showing the seasonal beach migration along the west coast of 
Washington State, USA, outlining the summer progradation and winter retreat 
of the shoreline from summer 1997 to summer 1999 (NOAA, accessed 2009). 
 
2.3 Coastal Engineering and Beach Erosion:  
Proper understanding of the foundational, location-specific dynamics acting upon 
a coastline is imperative for predicting shoreline and beach migration over various time 
scales.  Beaches act as essential protection buffers between coastal infrastructure and the 
open ocean and as such contribute to the reduction of storm induced damage and 
destruction (Hapke et al., 2006).  Mitigation structures such as seawalls, breakwaters, and 
jetties, represent anthropogenic attempts to manipulate the coastal processes acting on a 
beach in order to protect coastal communities and infrastructure from erosional damage.  
These structures, however, work to increase the rate of erosion and are therefore 
important factors to consider when predicting beach migration. 
Coastal engineering structures alter the way in which wave processes modify the 
shoreline.  There are two types of mitigation techniques utilized in coastal zones: hard 
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engineering and soft engineering structures.  Hard engineering structures include 
seawalls, breakwaters, groynes, and jetties.  The degree to which hard engineering 
structures affect the morphology of a coastline is dependent upon the relative position of 
the structure to the surf zone, the sediment supply of the beaches involved, and the local 
incident wave characteristics (Ruggiero & McDougal, 2001).   
Seawalls are shore-parallel structures which are used in areas with significant 
wave action to protect the shoreline from landward retreat and flooding by completely 
separating the land from the water (Figure 5)(Kraus & McDougal, 1996).  This type of 
structure must be built out of resistant material that can endure varying wave energies.  A 
common problem associated with seawalls is the formation of scour troughs at the base of 
these structures which can be attributed to the concentration of incident wave energy as 
the waves meet the seawall (Ruggiero & McDougal, 2001).  The base-level scouring 
effectively increases the rate of erosion of the beach fronting the seawall which in turn 
results in landward beach migration and the compromised integrity of the structure 
(Kraus & McDougal, 1996).  In addition to increased localized beach retreat, seawalls 
actively accelerate the rate of longshore currents, and subsequently longshore sediment 
transport, which results in further intensified beach erosion in front of the seawall as well 
as escalated accretion of the up-coast beaches due to the movement of high volumes of 
sediment (Ruggiero & McDougal, 2001)(Kraus & McDougal, 1996). The implementation 
of hard mitigation structures along coastlines which experience frequent seasonal storms 
and are actively eroding results in delayed post-storm recovery as well as overall beach 
deflation due to amplification of the shoreline processes (Ruggiero & McDougal, 2001).   
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Figure 5: Image showing seawall-wave interaction and subsequent effect on the coastline 
(Capital Regional District, accessed 2009). 
 
2.4 Study Area: Boundary Bay, British Columbia: 
Boundary Bay is located in the southwest corner of British Columbia on an 
inactive flank of the Fraser River delta (Figure 6) (Swinbanks & Murray, 1981).  The bay 
is adjacent to Tsawwassen, BC and Point Roberts, USA on the west shore and White 
Rock, BC on the eastern shore (Figure 7)(Engels & Roberts, 2005). Boundary Bay 
Regional Park is located along the western shoreline of Boundary Bay, north of Point 
Roberts at 497076.82m E and 5429249.82m N.  The average active beach width in the 
bay is approximately 50 metres, which serves as an indication of overall sediment 
abundance as well as the moderate energy wave environment within the bay (Engels & 
Roberts, 2005).  The beaches within Boundary Bay Regional Park and south of the park 
are the focus of this report. 
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Figure 6: Overview map showing the location of Boundary Bay in the southwest corner 
of British Columbia, Canada (Google Maps, 2009). 
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Figure 7: Map showing Boundary Bay and the surrounding area as well as the location of 
Boundary Bay Regional Park and the research site (Google Maps, 2009). 
 
The beaches in Boundary Bay are primarily composed of sediment derived from 
outcrops of unconsolidated sediment near Point Roberts, USA, which protect the bay to 
the north and the west.  These headlands are comprised of Tertiary aged bedrock overlain 
with late Wisconsian outwash sand, gravel, silt, and glacial till (Engels & Roberts, 2005).  
The material eroded from Point Roberts is transported northward along the western flank 
of the bay by longshore sediment transport.  Sediment grain size decreases with increased 
transport distance along the littoral cell, from boulder/cobble sized material close to the 
headlands to medium-sized gravel fronting the residences and finally to sand-sized 
sediment on the northeastern edge of Boundary Bay Regional Park.  The Serpentine and 
Nicomekl Rivers discharge considerable amounts of fine-grained sediments into Mud 
Bay, along the eastern edge of Boundary Bay, and therefore represent important 
5 km 
N
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secondary inputs of sediment to the system (Swinbanks & Murray, 1981).  Sediment can 
also enter Boundary Bay from the Strait of Georgia.  This material is transported 
northward, into the bay, by longshore drift and is deposited along the western and eastern 
margins of the bay, adjacent to Boundary Bay Regional Park and Crescent Beach, 
respectively (Swinbanks & Murray, 1981).   
At low tide, the bay’s immense expanse of tidal mudflats is exposed.  General 
mudflat morphology is dependent upon local tidal range, sea level, tidal currents, wind, 
waves, river discharge and storm activity (Yamada & Kobayashi, 2004).  The bay is 
characterized by an uncomplicated offshore bathymetry of gentle sloping tidal flats 
composed of well sorted mud and sand (Aubrey, 1979).  The tidal flats have a shallow 
bathymetry during high tide, which permits a low-energy wave environment to dominate.  
The tidal range in the bay is classified as a mixed semi-diurnal tide with an average range 
of 2.7 metres (Swinbanks & Murray, 1981). 
The wave climate in Boundary Bay exhibits distinct seasonal patterns of change 
which presupposes a distinct morphological progression of the beach from a summer to a 
winter profile.  The largest incident wave heights in the bay occur during December and 
the smallest occur during May-August (Allan & Komar, 2000).  Throughout the summer 
months, waves approach the coast from the west/northwest direction and are of 
significantly less energy than winter waves which originate from the west/southwest 
(Ruggiero et al., 2003).  The mouth of Boundary Bay is oriented south/southwest and this 
permits winter storm events to flow directly into the bay.  Longshore sediment transport 
during the winter months involves the movement of material from the Strait of Georgia 
into the bay, predominantly from the south, and significant movement of eroded material 
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northeastward, from Point Roberts, within the bay (Swinbanks & Murray, 1981).  
Increased wave action within the bay escalates the movement and erosion of sediment, 
thus strengthening the distinctive progression of grain-size fining northeastwardly along 
the shoreline.  The storms, therefore, provide intense inputs of energy and dramatically 
alter the morphology of the shoreline, and thus should enhance the seasonal signature of 
winter beach retreat/erosion.  The wave, wind and tide conditions of Boundary Bay 
correspond to the conditions previously outlined by Ruggiero et al. (2003).  This study 
can be thought of an analogue to, and therefore presuppose, the morphological beach 
changes expected for Boundary Bay. 
This study will detail an investigation aimed at revealing the seasonal changes in 
beachface morphology along the southwestern edge of Boundary Bay, adjacent Boundary 
Bay Regional Park.  These changes will be analyzed using beach profiles, constructed 
from elevation data, in conjunction with GPS attribute data for three separate transects 
collected between November 2008 and June 2009. In addition, this study will compare 
shoreline changes along mitigated and unmitigated sections of the beach.     
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3. Methods: 
 To address the research questions posed by this study, three transects were 
identified along the western shoreline of Boundary Bay (as discussed in the previous 
section).  Data was collected from November 2008 to June 2009 (no data collected for 
December 2008 due to poor weather) on a monthly basis near low tide.  Transect 1 was 
located south of Boundary Bay Regional Park on a portion of beach which was backed by 
residences that have mitigation structures.  This section was therefore deemed as 
mitigated for comparison purposes (Table 1) (Figure 8).  Transects 2 and 3 were located 
further north in the bay, in Boundary Bay Regional Park, and were not located near 
infrastructure or mitigation structures, and thus were deemed as unmitigated.   
 
Table 1: UTM coordinates for each of the three transects. 
Transect # Easting Northing Zone 
1 497358.06m 5428416.16m 10U 
2 497076.82m 5429249.82m 10U 
3 497062.34m 5429335.01m 10U 
 
All three transects were orientated along a trajectory of 55o northeast.  The 
positioning of, and the spacing between, transect 1 and transects 2 and 3 was critical in 
examining the variations in seasonal beach profiles in unmitigated and mitigated portions 
of the shoreline and the variations in beach profiles along the littoral cell.  It should be 
noted that the aerial photographs used in this study are from 2004 and do not reflect the 
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current morphology of the beach.   They are, however, the best images available for this 
study. 
 
Figure 8: Overview image showing the locations of the three transects and the delineation 
between the mitigated and unmitigated portions of the shore (base image 
courtesy of DFO, 2004). 
 
3.1 Seasonal Profiles: 
 The elevation data was collected using a David White dumpy level and a stadia 
rod (Figure 9).  Elevations were collected approximately every 2 metres along the 
transect and constant orientation was maintained through the use of a walking compass.  
The total number of data points along each transect was restricted by the relative water 
depth (limited distance when not low tide) and by the height of the stadia rod.  Data was 
1:11159 
N 
Transect #1 
Transect #2 
Transect #3 
Mitigated Beach 
Unmitigated 
Beach 
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entered into Microsoft Excel for analysis and profile production.  Relative elevation data 
was determined by subtracting the middle reading on the stadia rod from the height of the 
level.  Distances were calculated by subtracting the top and bottom readings from the 
stadia rod and converting into metres of distance. 
 
 
Figure 9: Image of the David White dumpy level used for the collection of elevation data 
along each transect; stadia rod in background. 
 
 
3.2 Spatial Patterns of Change: 
To investigate the question of spatial change in the beach profiles along the study 
area, a Trimble Nomad GPS unit was utilized to record specific attributes of the coastline 
along each transect (Figure 10).  The unit consisted of a Trimble Nomad Handheld 
Computer and a Trimble ProXR model receiver.  The handheld computer was equipped 
with the Terrasync software program which permitted the collection of location-specific 
attribute data which was contained within an established data dictionary (Figure 11).  
Stadia Rod 
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Such attribute information included: weather, tide status, sediment type, sediment grain 
size, beachface top/base, high tide/low tide mark, mitigation features, primary foredune 
location, and vegetation type.  Although a variety of attribute data was collected only the 
position of the upper shoreface/beachface was analyzed in this study. 
 
 
Figure 10: Images of the Trimble Nomad GPS unit and the Trimble Nomad handheld 
computer utilized for collection of attribute data (Trimble, 2009). 
 
 
 The collected data was uploaded into the Pathfinder Office software program for 
further analysis and viewing.  The data files were then exported as shapefiles to permit 
viewing and manipulation in ArcGIS.  The GIS data was then superimposed on aerial 
photographs of the study area (images courtesy of the Department of Fisheries and 
Oceans) allowing analysis of the spatial change in the beachface location. 
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Figure 11: Image of the data dictionary created with the Pathfinder Office software and 
used for the collection of attribute data with the Trimble Nomad GPS system. 
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4. Results: 
 The beach profiles were used to assess the extent of seasonal shoreline change 
along each transect and the beach attribute data (specifically the location of the 
beachface) was utilized for the analysis of the overall spatial change in beach 
morphology along the study area.  The impact of mitigation structures (residences) on 
shoreline change was assessed using both the profiles and GIS attribute data. 
 
4.1 Seasonal Shoreline Migration: 
 The beach profiles display data collected for the months of November 2008, 
January 2009, February 2009, and June 2009 for simplicity as the data for these months 
contained the least amount of irregularities.  (The complete data-set and graphs showing 
every month can be found in Appendix I).  The November 2008 data is considered to be 
an ‘end of summer beach profile’ whereas January 2009 and February 2009 are typical 
winter beach profiles and June 2009 is a ‘beginning of summer beach profile’.  For each 
transect, the beachface gradients were calculated and are presented as percentages.  The 
net elevation change and migration distance of the foredune and beachface were 
quantified for each transect using the two months which contrast the most for a particular 
transect and thus are considered to be representative of and exhibiting the most 
significant change along the beach profile.  An approximation of the amount of sediment 
moved between the two representative months was obtained by calculating the area 
between the two profile lines on the graph. 
 The beach profile for transect 1 displays a distinct seasonal signature between 
November and June (Figure 12).  In November, the primary foredune is 0.250 metres 
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higher in elevation and 8 meters further landward than in June. In addition, the swale was 
0.20 metres higher in elevation and 8.0 metres landward in November than in June.  
There was a net removal of sediment from the foredune and backshore of approximately 
5.55 m2 and the beachface increased in volume roughly 7.85 m2 from November to June.  
This indicates that more sediment was accreted onto the beachface than can be accounted 
for by erosion and seaward migration of sediment from the foredune throughout the 
winter months.  The beachface gradient changed slightly from 6.1% in November to 
7.0% in June while the profiles for January and February are relatively similar, with 
beachface gradients of 7.8% and 7.2% respectively.  This indicates that sediment was 
being moved in a seaward direction throughout the winter months. 
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Figure 12: Transect 1 beach profiles for November 2008, January 2009, February 2009, 
and June 2009 displaying the seasonal migration of the beachface seaward 
throughout the winter months (VE = 20X). 
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 The beach profile along transect 2 for November exhibits a beachface gradient of 
6.1% with sediment located further landward on the beach than for January to June 
(Figure 13).  The beachface gradient progressively increases throughout the study period 
from 6.8% in January, 7.3% in February, and 9.5% in June.  Throughout January and 
February, the elevation of the foredune decreases and a prominent swale develops behind 
the foredune.  In addition, there is the development of an offshore bar/berm on the lower 
flank of the beachface in February which is still evident in June.  The June profile 
contrasts the most with the profile for November.  The foredune in June is pronounced 
and has a steep gradient on its seaward face.  The elevation of the foredune in June is 
0.05 metres lower than November, and it had migrated 12.5 metres seaward and, as with 
November, there was an absence of a swale behind the foredune.  Erosion of sediment 
from the foredune and backshore as well as progradation of the beachface is evident from 
November to June.  Approximately 10.3 m2 of sediment was eroded and 8.15 m2 of 
sediment accreted onto the beachface.  This indicates a net loss of sediment towards the 
bay through the winter months.  In addition, there was an overall seaward migration of 
the beachface from November to June. 
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Figure 13: Transect 2 beach profiles for November 2008, January 2009, February 2009, 
and June 2009 displaying the seasonal migration of the beachface seaward as 
well as the net movement of sediment offshore from November to June (VE = 
20X). 
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There were less significant seasonal changes in the monthly beach profiles along 
transect 3 as compared to transects 1 and 2 (Figure 14).  November, February, and June 
profiles are relatively similar in the location and elevation of the foredune as well as the 
gradient of the beachface (6.6%, 6.6%, and 6.7%, respectively).  The January profile 
displays the most change from November as the foredune was eroded, producing an 
approximate elevation decrease of 0.300 metres and the position of the foredune 
remained relatively unchanged with a net seaward migration of 0.500 metres.  In 
addition, the beachface gradient decreased from 6.6% in November to 5.8% in January.  
The significant change between the November and January profiles is the apparent 
relocation of sediment seaward on the foredune.  In November, the sediment was 
contained within the primary foredune whereas in January, the sediment appears to have 
been eroded from the foredune and deposited lower on the beachface as a small berm 
feature. There was a net erosion of 2.65 m2 of sediment from the foredune and a net 
accretion of approximately 7.63 m2 of sediment onto the beachface.  This indicates a net 
gain of sediment onshore from November to January as there was more sediment being 
deposited on the beachface than there was being eroded from the foredune.  However, 
from January to June, the sediment is transported back up the beach and deposited on the 
foredune, thus the beach profiles of February and June resemble that of November.   
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Figure 14: Transect 3 beach profiles for November 2008, January 2009, February 2009, 
and June 2009 displaying the migration of the beachface seaward from 
November to January and the landward migration from January to June (VE = 
20X). 
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4.2 Evidence of Spatial Change: 
 The feature data obtained from the Trimble Nomad GPS unit was analyzed using 
ArcGIS and projected onto aerial photographs (year of acquisition 2004) of the study 
area.  The feature of interest was the location of the beachface top and an investigation 
into the spatial migration of this point along each transect was undertaken.  The relative 
position of the upper shoreface was exhibited through the extrapolation of the data to 
mimic the contours of the shoreline.  The data sets used for this analysis were January, 
February, and June.  The November data set was omitted due to complications with the 
data that prohibited the features from being projected in ArcGIS.  It is important to note 
that the aerial photographs are from 2004 and therefore do not reflect the current beach 
morphology along each transect.  In addition, the data point indicating the location of the 
shoreface does not correspond to the location of the primary foredune as the top of the 
beachface was determined as a transition point between the foredune and the high tide 
mark. 
 The aerial photograph of transect 1 shows that there was an overall landward 
migration of the shoreline from January to June (Figure 15).  The upper shoreface is 
located the furthest seaward in January and the furthest landward in June. 
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Figure 15: Aerial image showing the location and overall landward migration of the 
beachface top in addition to the relative shoreline position along transect 1 for 
January, February and June 2009 (base image courtesy of DFO, 2004). 
 
 The aerial photograph showing transects 2 and 3 also show an overall landward 
migration of the position of the top of the beachface from January to June (Figure 16).  
The extrapolated shoreline position demonstrates the difference in orientation of the coast 
from predominantly northeasterly facing in January and February to an easterly 
orientation in June.   
1:2652 
January 
 
February 
 
June 
N
Transect 1 
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Figure 16:  Aerial photograph showing the relative shoreline position and orientation as 
well as the overall landward migration of the top of the beachface along 
transects 2 and 3 from January to June (base image courtesy of DFO, 2004). 
 
 The aerial photograph showing the entire study area and the overall landward 
shoreline migration illustrates the trends discussed previously for the individual transects 
(Figure 17).  The western coastline of Boundary Bay experienced a net landward 
migration of the top of the beachface from the winter to the summer months. 
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Figure 17:  Aerial photograph showing the entire study area with the relative shoreline 
migration pattern detailed through the extrapolation between data points 
representing the beachface top for January, February, and June 2009 (base 
image courtesy of DFO, 2004). 
 
4.3 Impact of Mitigation Structures: 
 There were no significant differences in the degree of beach migration and the 
amount of sediment eroded/accreted between the mitigated portion of the beach at 
transect 1 and the unmitigated portions of the beach at transects 2 and 3 observed on the 
beach profiles. 
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5. Discussion of Results: 
 The seasonal beach profile model outlines specific morphological changes that 
can be expected when comparing a winter beach profile to a summer beach profile 
(Figure 18).  In winter the increased storm activity and associated higher wave energies 
result in increased rates of erosion which cause the primary foredune to migrate landward 
and the beachface gradient to steepen (Owens, 1977).  Along the west coast of British 
Columbia, the incident wave direction in the winter months is from the southwest, thus 
waves enter Boundary Bay directly as the mouth of the bay opens to the south (Figure 7) 
(Swinbanks & Murray, 1981).  During the summer months, wave energy decreases and 
the beach undergoes seaward accretion and progradation as well as the beachface 
gradient is reduced (Owens, 1977).  For Boundary Bay, summer waves originate from the 
northwest, thus reducing the impact of the waves on the beaches during those months 
(Swinbanks & Murray, 1981).  The elevation and attribute data collected for the three 
transects in Boundary Bay however, do not exhibit all of the predicted morphological 
changes outlined by the model. 
 
 
5.1 Seasonal Changes: 
 The trends observed along transect 1 were partially supported by the model of 
seasonal beach profiles discussed previously.  During the winter months the beachface 
gradient was the steepest (7.8% in January, 7.2% in February, and 7.0% in June) and the 
elevation of the primary foredune and swale progressively decreased (0.25 m and 0.20 m 
total decrease, respectively), indicating erosion.  However, there was an overall seaward 
migration of the foredune of 8.0 metres and a net accretion of sediment onto the 
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beachface of approximately 7.85 m2, resulting in the seaward progradation of the 
beachface.  Throughout the winter season, higher wave energy is concentrated on the 
headlands at Point Roberts, USA, and subsequently, eroded, unconsolidated sediments 
are transported by littoral drift towards the more distal beaches on the western edge of 
Boundary Bay.  This results in elevated rates of erosion of the unconsolidated material of 
the cliffs, thus increasing the amount of sediment being transported to the western edge 
of the bay. 
Transect 1 was located proximal to the headlands and was located on a convex 
portion of the beachface, both of these factors could aid in the trapping and increased 
deposition of sediment at this site.  In addition, sediment may be carried into Boundary 
Bay during the winter storm season and this could also contribute to an enhanced 
sediment supply to this location in the littoral cell.  These characteristics of the bay help 
to explain the progradation of the beach throughout the winter months, a trend which is in 
contradiction to expected winter beach retreat as dictated by the seasonal beach profile 
model.  
 Alternatively, the increased predominance of the foredune in November, taken as 
the end of the summer, indicates that throughout the summer months, sediment is being 
transported and deposited further up the shoreface and the gradient of the beachface was 
reduced.  These characteristics correspond to the summer profile model, yet, the beach, 
experienced landward migration which is not consistent with the model.  The net erosion 
of the beachface could be attributed to the change in incident wave direction in the bay.  
During the summer months, waves typically enter the bay from the northwest which 
would erode the headlands at Point Roberts, however, the net longshore transport of 
Murphy 36
sediment would be towards the south, thus the majority of the eroded sediment would 
remain in the Strait of Georgia, bypassing Boundary Bay entirely.  This would equate to a 
reduced sediment budget in the bay throughout the summer months, resulting in beach 
erosion.   
 Transects 2 and 3 are located within close proximity of each other, however, the 
seasonal signature along each profile is quite unique.  The beach profile for transect 2 
best fits the seasonal beach profile model as throughout the winter months there was a 
progressive steepening of the beachface, erosion of the foredune, and a slight landward 
migration of the foredune in January.  This equates to an overall net erosion of the beach 
from November to June due to sediment removal having from the foredune/backshore.  In 
addition, the formation of a small berm feature (approximately 1.8 m2) on the lower 
beachface is typical of a winter beach profile.  In June, considered as the transition point 
between winter and summer, the beachface obtains its steepest gradient (9.5%), which is 
a winter beach characteristic, and the foredune is beginning to migrate seaward, which is 
a summer beach characteristic.   
 Transect 2 is located further northward in Boundary Bay than transect 1 and 
therefore is composed of finer-grained sediment relative to the cobbles found along 
transect 1.  The strong correlation between the profile exhibited by transect 2 and the 
expected results predicted by the model could be related to the observed reduction in 
grain size.  Finer-grained sediment is more readily transported and reworked by wave 
action and littoral drift, thus strengthening the seasonal signature at transect 2.  In 
addition, the model is based upon unrestricted coastline dynamics along beaches 
dominated by sandy material, thus the effective movement of sediment along transect 2 
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more closely resembles sand-dominated systems relative to transect 1 (Ruggiero et al., 
2003). 
 Transect 3 did not exhibit many of the expected outcomes predicted by the 
seasonal beach profile model.  There was modest change between the November, 
February, and June profiles in terms of the height and location of the foredune, the 
gradient of the beachface (6.6%, 6.6%, and 6.7%, respectively), and overall sediment 
budget of the beach.  In January, however, the profile displayed an eroded foredune 
(approximately 2.65 m2) as well as the accretion and progradation of the beachface 
(approximately 7.63 m2).  In addition, the gradient of the beachface was the least steep in 
January (5.8%) which is not consistent with the model prediction of a steeper beachface 
during the winter months. 
 The close proximity of transect 3 to transect 2 would falsely presuppose a 
similarity in wave and sediment characteristics as well as overall beach dynamics, 
however, the two profiles are not consistent.  The sediment type and size at each transect 
was similar therefore a variation in wave dynamics could be a probable cause for the 
observed variation in the beach profiles.  Transect 3 is located on the southwestern edge 
of a convexity along the shoreline and this would increase the rate of sediment deposition 
from longshore drift, as was observed along transect 1.  However, transect 3 is located in 
an area which would experience concentrated wave energy due to wave refraction around 
the convexity, thus increasing the erosion of the beach at that location.  The combination 
of both accretion, due to the convex shape of the shoreline, and erosion, that is enhanced 
by wave refraction, could explain the overall lack of change in the beach profile from 
November to June as essentially, the processes are in balance.  
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5.2 Spatial Change: 
 The location of the beachface, as determined from GPS/GIS data, suggests that 
the beach dynamics in Boundary Bay do correspond with the seasonal beach model as 
there was generally an overall landward migration of the beachface from January to June 
along each transect (Figure 17).  The model, therefore, can be utilized in the analysis of 
spatial change occurring along the length of the shoreline; however, the data does not 
fully illustrate the observed monthly transformations of the beach profiles for each of the 
transect locations.  The aerial photographs and GPS data were specifically employed as 
indicators of the overall shoreline migration within the research area.   
 All three transects exhibited an overall landward migration of the beachface from 
January to June.  This could be associated with the change in incident wave direction 
throughout the winter months from predominantly southwest in January to northwest in 
June.  As previously discussed, the change in wave direction can be correlated with the 
potential decrease in sediment entering the bay, thus progressively restricting the amount 
of sediment in the beach system from January to June.  Again, in January, as waves enter 
the bay from the southwest and more effectively erode the headlands at Point Roberts, 
more sediment would be available for longshore transport and subsequently accreted onto 
the beach, and a more seaward position of the beachface would result.  In June, as the 
incident wave direction shifts to arrive from the northwest, the majority of the sediment 
would remain in the Strait of Georgia, thus decreasing sediment input into the bay and the 
resultant landward migration of the beachface.   
 There was a noticeable transition in the orientation of the beach at transects 2 and 
3 from January/February to June, which is exhibited through the extrapolation of the 
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relative shoreline position.  In January/February, the beachface is orientated in a 
northeasterly direction and in June, the beachface is orientated towards the east.  Winter 
waves entering the bay from the southwest would impact the shoreline along a 
northeasterly trajectory, thus erosion would occur along the same path.  In June, as wave 
direction is predominantly from the northwest, the winter wave erosion signature would 
not be reflected in the beachface.  These changes in shoreline orientation could be 
inferred to result from the transition between the erosional nature of winter waves and the 
deposition associated with summer waves. 
 
5.3 Mitigated and Unmitigated Shoreline Change: 
 There was no significant change observed in the shoreline dynamics between the 
mitigated beach at transect 1 and the unmitigated beach at transects 2 and 3.  The 
expected outcome was to observe an increase in erosion of the beach backed by 
mitigation structures, in this case residences; however, no such trend was recorded.  This 
could be a result of transect 1 being located on a convexity along the mitigated beach and 
perhaps the abundance of sediment diminished the impact of the mitigation structures on 
erosion rates.  If transect 1 had been located further north along the littoral cell, perhaps 
in front of the seawall, there may be an observable effect on the beach associated with 
increased rates of  base scouring and the subsequent erosion of sediment (Ruggiero & 
McDougal, 2001). 
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5.4 Further Discussion 
 The results obtained from the study in Boundary Bay correspond to some extent 
with the Ruggiero et al. (2003) study on the west coast of Washington State.  However, 
that study was performed on an open coastline with essentially unrestricted wave 
dynamics acting upon predominantly sandy sediment.  This produced the expected 
seasonal variation in beach morphology suggested by the model with offshore sediment 
transport during the winter months producing narrower, steeper beaches and gentler, 
wider beaches during the summer.   
The study conducted in Boundary Bay involved a more complicated coastline and 
bathymetric morphology which had an impact on the observed trends.  Here the unique 
shoreline characteristics, such as the orientation of the opening of the bay, the seasonal 
signature of longshore sediment drift and the seasonal variability in dominant wave 
direction and wave energy explain the observed patterns that contradict the expected 
model.   
 This study supports the conclusions of Masselink and Pattiaratchi (2001) on the 
Perth coastline who found that seasonal variability in the direction of longshore sediment 
transport is more influential in affecting beach morphology than changes in wave height 
and wave energy.  It is suggested, therefore, that the unique characteristics of a coastline 
should be taken into consideration when predicting seasonal changes in beach 
morphology.  This has implications for infrastructure development in coastal zones. 
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6. Conclusion: 
 The study conducted in Boundary Bay produced unexpected results for the 
research questions that were proposed.  Each of the beach profiles were unique and did 
not exhibit attributes that conformed with the general model for seasonal beach profiles.  
The dissimilarities could be linked to the south-facing orientation of Boundary Bay, 
which permitted the inundation of sediment from the Strait of Georgia during the winter 
months and a restriction of the sediment input during the summer.  This resulted in higher 
rates of beach accretion and progradation during the winter and erosion as well as 
landward beach migration during the summer.  In addition, the location of each transect 
along the shore in conjunction with the variations in the coastline morphology permitted 
varying rates of sediment erosion and deposition to occur at each transect.   
The spatial change along the entirety of the study area did not exhibit 
discrepancies with the seasonal model as there was a net landward migration of the 
beachface from January to June, which is characteristic of winter beach dynamics.  
Similarly, these results can be linked with the orientation and the coastline morphology of 
the bay.  There was no observed variation in the beach dynamics between the mitigated 
and unmitigated portions of the beach.  As previously discussed, the relocation of transect 
1 further north on the beach to in front of the seawall would have produced greater site 
variation between the transects.   
The variations observed in the beach profiles and the GPS/GIS data, regarding the 
migration of the beachface throughout the study timeline, could be attributed to the fact 
that two distinct data collection methods were utilized.  The beach profiles were 
constructed using data collected with manually operated instruments whereas the 
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GPS/GIS data was collected using an electronic GPS device.  Perhaps the results would 
be consistent if only one method was used to collect both types of data. 
 
6.1 Future Considerations: 
 Subsequent research in the study area should incorporate more transect locations 
which are situated at equidistant intervals along the littoral cell.  This would provide a 
more complete analysis of the changing coastline morphology within Boundary Bay.  In 
addition, the relocation of transect 1 to an area adjacent to the seawall could reveal more 
information on of how coastal mitigation structures can alter shoreline morphology. 
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8. Appendices:  
 
Appendix I: Transect Data 
 
Nov-08 Transect1 Transect2 Transect3 Jan-09 Transect1 Transect 2 Transect3 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
0 -0.175 -0.1 -0.175 0 0 -0.35 -0.225
0.5 -0.275 -0.075 -0.15 0.5 -0.05 -0.4 -0.225
1 -0.4 -0.05 -0.125 1 -0.15 -0.475 -0.225
1.5 -0.5 -0.025 -0.1 1.5 -0.25 -0.525 -0.225
2 -0.6 0 -0.075 2 -0.35 -0.575 -0.2
2.5 -0.65 0.025 -0.05 2.5 -0.4 -0.625 -0.2
3 -0.7 0.05 0 3 -0.45 -0.65 -0.2
3.5 -0.75 0.075 0.025 3.5 -0.5 -0.7 -0.2
4 -0.775 0.1 0.05 4 -0.55 -0.7 -0.2
4.5 -0.8 0.125 0.075 4.5 -0.6 -0.7 -0.175
5 -0.8 0.125 0.1 5 -0.65 -0.675 -0.175
5.5 -0.8 0.15 0.125 5.5 -0.7 -0.675 -0.15
6 -0.8 0.175 0.15 6 -0.725 -0.65 -0.15
6.5 -0.8 0.2 0.175 6.5 -0.75 -0.625 -0.125
7 -0.8 0.225 0.2 7 -0.8 -0.6 -0.1
7.5 -0.775 0.225 0.225 7.5 -0.825 -0.55 -0.075
8 -0.775 0.25 0.25 8 -0.85 -0.525 -0.05
8.5 -0.75 0.25 0.275 8.5 -0.875 -0.5 -0.025
9 -0.75 0.275 0.275 9 -0.9 -0.475 -0.025
9.5 -0.75 0.275 0.275 9.5 -0.925 -0.45 -0.025
10 -0.725 0.3 0.275 10 -0.95 -0.4 -0.025
10.5 -0.725 0.3 0.25 10.5 -0.95 -0.35 -0.025
11 -0.7 0.3 0.225 11 -0.95 -0.3 -0.05
11.5 -0.7 0.3 0.15 11.5 -0.975 -0.275 -0.05
12 -0.675 0.3 0.075 12 -0.975 -0.225 -0.075
12.5 -0.675 0.3 -0.025 12.5 -0.975 -0.2 -0.1
13 -0.65 0.275 -0.2 13 -0.95 -0.175 -0.125
13.5 -0.65 0.275 -0.325 13.5 -0.95 -0.15 -0.15
14 -0.625 0.25 -0.4 14 -0.925 -0.125 -0.175
14.5 -0.625 0.25 -0.45 14.5 -0.925 -0.1 -0.2
15 -0.575 0.225 -0.475 15 -0.9 -0.075 -0.225
15.5 -0.55 0.2 -0.5 15.5 -0.875 -0.075 -0.25
16 -0.525 0.175 -0.525 16 -0.85 -0.075 -0.275
16.5 -0.5 0.125 -0.525 16.5 -0.825 -0.05 -0.3
17 -0.475 0.1 -0.525 17 -0.775 -0.05 -0.35
17.5 -0.45 0.075 -0.55 17.5 -0.7 -0.075 -0.375
18 -0.425 0.05 -0.575 18 -0.65 -0.075 -0.425
18.5 -0.425 0 -0.6 18.5 -0.6 -0.1 -0.45
19 -0.4 -0.025 -0.625 19 -0.575 -0.15 -0.475
19.5 -0.4 -0.05 -0.675 19.5 -0.55 -0.175 -0.5
20 -0.4 -0.075 -0.7 20 -0.525 -0.2 -0.525
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20.5 -0.4 -0.1 -0.75 20.5 -0.5 -0.25 -0.525
21 -0.375 -0.15 -0.8 21 -0.5 -0.275 -0.525
21.5 -0.375 -0.175 -0.85 21.5 -0.475 -0.325 -0.525
22 -0.375 -0.2 -0.9 22 -0.45 -0.35 -0.525
22.5 -0.375 -0.225 -0.975 22.5 -0.45 -0.4 -0.525
23 -0.35 -0.25 -1.05 23 -0.45 -0.45 -0.525
23.5 -0.35 -0.3 -1.15 23.5 -0.425 -0.5 -0.525
24 -0.35 -0.325 -1.25 24 -0.425 -0.55 -0.525
24.5 -0.35 -0.35 -1.35 24.5 -0.4 -0.6 -0.55
25 -0.35 -0.4 -1.425 25 -0.4 -0.65 -0.55
25.5 -0.325 -0.425 -1.475 25.5 -0.4 -0.7 -0.6
26 -0.325 -0.475 -1.525 26 -0.4 -0.75 -0.9
26.5 -0.3 -0.5 -1.55 26.5 -0.375 -0.8 -1.15
27 -0.3 -0.55 -1.575 27 -0.375 -0.825 -1.2
27.5 -0.275 -0.575 -1.6 27.5 -0.375 -0.85 -1.25
28 -0.275 -0.6 -1.625 28 -0.375 -0.85 -1.3
28.5 -0.25 -0.65 -1.65 28.5 -0.35 -0.875 -1.325
29 -0.2 -0.7 -1.675 29 -0.35 -0.875 -1.35
29.5 -0.15 -0.75 -1.675 29.5 -0.35 -0.9 -1.375
30 -0.075 -0.775 -1.7 30 -0.325 -0.95 -1.4
30.5 -0.025 -0.85 -1.725 30.5 -0.325 -1.025 -1.425
31 0.025 -0.9 -1.725 31 -0.3 -1.1 -1.45
31.5 0.025 -0.95 -1.75 31.5 -0.3 -1.15 -1.475
32 0.025 -1.05 -1.75 32 -0.275 -1.225 -1.5
32.5 0 -1.2 -1.775 32.5 -0.275 -1.3 -1.525
33 0 -1.275 -1.775 33 -0.25 -1.35 -1.55
33.5 -0.025 -1.325 -1.8 33.5 -0.25 -1.4 -1.575
34 -0.05 -1.375 -1.8 34 -0.225 -1.425 -1.6
34.5 -0.075 -1.4 -1.825 34.5 -0.2 -1.45 -1.625
35 -0.1 -1.425 -1.85 35 -0.2 -1.475 -1.65
35.5 -0.125 -1.45 -1.85 35.5 -0.2 -1.5 -1.675
36 -0.175 -1.475 -1.875 36 -0.175 -1.525 -1.675
36.5 -0.2 -1.475 -1.875 36.5 -0.175 -1.55 -1.7
37 -0.225 -1.5 -1.875 37 -0.175 -1.575 -1.725
37.5 -0.25 -1.5 -1.9 37.5 -0.15 -1.6 -1.75
38 -0.275 -1.525 -1.9 38 -0.15 -1.6 -1.75
38.5 -0.3 -1.525 -1.9 38.5 -0.175 -1.625 -1.775
39 -0.325 -1.525 -1.925 39 -0.175 -1.65 -1.8
39.5 -0.35 -1.55 -1.925 39.5 -0.175 -1.675 -1.8
40 -0.375 -1.55 -1.925 40 -0.2 -1.675 -1.825
40.5 -0.425 -1.55 -1.95 40.5 -0.2 -1.7 -1.85
41 -0.45 -1.575 -1.95 41 -0.225 -1.725 -1.875
41.5 -0.475 -1.575 -1.975 41.5 -0.225 -1.75 -1.9
42 -0.5 -1.575 -1.975 42 -0.25 -1.75 -1.9
42.5 -0.525 -1.6 -1.975 42.5 -0.275 -1.775 -2
43 -0.575 -1.6 -2 43 -0.3 -1.8 -2
43.5 -0.6 -1.625 -2 43.5 -0.3 -1.825 -2
44 -0.625 -1.625 -2.025 44 -0.325 -1.825 -2.025
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44.5 -0.675 -1.65 -2.025 44.5 -0.35 -1.85 -2.025
45 -0.725 -1.675 -2.05 45 -0.4 -1.875 -2.025
45.5 -0.775 -1.7 -2.05 45.5 -0.425 -1.875 -2.05
46 -0.825 -1.75  46 -0.45 -1.9  
46.5 -0.875 -1.775  46.5 -0.475 -1.9  
47 -0.95 -1.8  47 -0.525 -1.925  
47.5 -1 -1.825  47.5 -0.55 -1.925  
48 -1.075 -1.85  48 -0.575 -1.95  
48.5 -1.125 -1.85  48.5 -0.625 -1.95  
49 -1.175 -1.875  49 -0.65 -1.975  
49.5 -1.225 -1.9  49.5 -0.7 -1.975  
50 -1.275 -1.9  50 -0.725 -1.975  
50.5 -1.325 -1.925  50.5 -0.775 -2  
51 -1.4 -1.95  51 -0.8 -2.025  
51.5 -1.475   51.5 -0.8   
52 -1.525   52 -0.9   
52.5 -1.575   52.5 -0.95   
53 -1.625   53 -1   
53.5 -1.675   53.5 -1.025   
54 -1.725   54 -1.1   
54.5 -1.775   54.5 -1.15   
55 -1.8   55 -1.275   
55.5 -1.85   55.5 -1.3   
56 -1.9   56 -1.4   
56.5 -1.925   56.5 -1.475   
57 -1.95   57 -1.525   
57.5 -1.975   57.5 -1.6   
58 -2   58 -1.65   
58.5 -2.025   58.5 -1.7   
59 -2.05   59    
59.5 -2.05   59.5    
60 -2.075   60    
60.5 -2.075   60.5    
61 -2.1   61    
61.5 -2.1   61.5    
62 -2.1   62    
62.5 -2.125   62.5    
63 -2.125   63    
63.5 -2.125   63.5    
64 -2.15   64    
64.5 -2.15   64.5    
65 -2.175   65    
65.5 -2.175   65.5    
66 -2.2   66    
66.5 -2.2   66.5    
67 -2.225   67    
67.5 -2.225   67.5    
68 -2.25   68    
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68.5 -2.25   68.5    
69 -2.275   69    
69.5 -2.275   69.5    
70 -2.275   70    
70.5 -2.3   70.5    
71 -2.3   71    
71.5 -2.325   71.5    
        
Feb-09 Transect1 Transect2 Transect3 Mar-09 Transect1 Transect2 Transect3 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
0 -0.025 -0.25 -0.25 0 -0.025 -0.1 0.425
0.5 -0.05 -0.275 -0.225 0.5 -0.05 -0.075 0.45
1 -0.1 -0.3 -0.2 1 -0.075 -0.05 0.475
1.5 -0.15 -0.325 -0.175 1.5 -0.1 -0.05 0.525
2 -0.2 -0.35 -0.15 2 -0.125 -0.025 0.575
2.5 -0.25 -0.375 -0.1 2.5 -0.2 -0.025 0.65
3 -0.325 -0.4 -0.05 3 -0.25 -0.025 0.675
3.5 -0.4 -0.45 0 3.5 -0.3 0 0.725
4 -0.45 -0.45 0.05 4 -0.35 0 0.75
4.5 -0.5 -0.475 0.1 4.5 -0.425 0.025 0.775
5 -0.575 -0.475 0.125 5 -0.5 0.025 0.8
5.5 -0.65 -0.5 0.15 5.5 -0.55 0.05 0.825
6 -0.725 -0.475 0.2 6 -0.625 0.075 0.825
6.5 -0.85 -0.45 0.225 6.5 -0.675 0.1 0.825
7 -0.925 -0.45 0.225 7 -0.725 0.125 0.8
7.5 -0.95 -0.425 0.225 7.5 -0.775 0.175 0.775
8 -0.975 -0.375 0.2 8 -0.85 0.25 0.75
8.5 -0.975 -0.35 0.175 8.5 -0.9 0.325 0.725
9 -0.975 -0.325 0.15 9 -0.925 0.4 0.675
9.5 -0.975 -0.275 0.1 9.5 -0.975 0.425 0.625
10 -0.975 -0.25 0.05 10 -0.975 0.475 0.6
10.5 -0.95 -0.225 0 10.5 -0.975 0.5 0.55
11 -0.95 -0.2 -0.075 11 -0.95 0.55 0.525
11.5 -0.95 -0.175 -0.125 11.5 -0.95 0.575 0.5
12 -0.95 -0.15 -0.2 12 -0.95 0.6 0.475
12.5 -0.925 -0.125 -0.275 12.5 -0.95 0.625 0.45
13 -0.925 -0.1 -0.325 13 -0.95 0.65 0.45
13.5 -0.9 -0.075 -0.4 13.5 -0.95 0.675 0.425
14 -0.9 -0.05 -0.425 14 -0.95 0.7 0.4
14.5 -0.875 -0.025 -0.475 14.5 -0.95 0.725 0.35
15 -0.875 0 -0.525 15 -0.925 0.75 0.3
15.5 -0.85 0.025 -0.575 15.5 -0.9 0.775 0.225
16 -0.825 0.025 -0.625 16 -0.9 0.775 0.15
16.5 -0.825 0.05 -0.65 16.5 -0.875 0.775 0.075
17 -0.8 0.05 -0.7 17 -0.85 0.65 0.025
17.5 -0.75 0.05 -0.75 17.5 -0.85 0.5 -0.025
18 -0.7 0.05 -0.8 18 -0.825 0.45 -0.075
18.5 -0.65 0.05 -0.825 18.5 -0.825 0.4 -0.15
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19 -0.625 0.025 -0.875 19 -0.825 0.35 -0.2
19.5 -0.575 0 -0.925 19.5 -0.8 0.3 -0.25
20 -0.55 -0.025 -0.975 20 -0.775 0.25 -0.3
20.5 -0.525 -0.05 -1.05 20.5 -0.75 0.225 -0.35
21 -0.475 -0.075 -1.1 21 -0.75 0.175 -0.4
21.5 -0.475 -0.1 -1.15 21.5 -0.725 0.15 -0.45
22 -0.45 -0.15 -1.2 22 -0.725 0.125 -0.5
22.5 -0.45 -0.175 -1.2 22.5 -0.675 0.1 -0.55
23 -0.425 -0.2 -1.275 23 -0.65 0.075 -0.6
23.5 -0.425 -0.25 -1.3 23.5 -0.625 0.05 -0.625
24 -0.4 -0.3 -1.4 24 -0.6 -0.175 -0.675
24.5 -0.4 -0.35 -1.55 24.5 -0.575 -0.225 -0.7
25 -0.4 -0.4 -1.675 25 -0.525 -0.275 -0.75
25.5 -0.375 -0.45 -1.7 25.5 -0.5 -0.275 -0.8
26 -0.375 -0.525 -1.75 26 -0.475 -0.325 -0.825
26.5 -0.375 -0.55 -1.75 26.5 -0.45 -0.35 -0.875
27 -0.35 -0.6 -1.775 27 -0.425 -0.4 -0.9
27.5 -0.35 -0.65 -1.8 27.5 -0.4 -0.425 -0.925
28 -0.325 -0.7 -1.8 28 -0.375 -0.45 -0.975
28.5 -0.325 -0.75 -1.825 28.5 -0.375 -0.5 -1
29 -0.325 -0.8 -1.825 29 -0.375 -0.525 -1.05
29.5 -0.3 -0.85 -1.85 29.5 -0.375 -0.55 -1.125
30 -0.3 -0.875 -1.85 30 -0.375 -0.575 -1.175
30.5 -0.275 -0.9 -1.85 30.5 -0.375 -0.625 -1.2
31 -0.275 -0.925 -1.85 31 -0.375 -0.65 -1.25
31.5 -0.25 -0.925 -1.875 31.5 -0.375 -0.675 -1.275
32 -0.225 -0.925 -1.875 32 -0.375 -0.7 -1.275
32.5 -0.2 -0.925 -1.875 32.5 -0.375 -0.725 -1.275
33 -0.175 -0.95 -1.9 33 -0.375 -0.75 -1.25
33.5 -0.175 -0.95 -1.9 33.5 -0.375 -0.8 -1.25
34 -0.15 -0.975 -1.925 34 -0.375 -0.875 -1.225
34.5 -0.15 -1 -1.925 34.5 -0.375 -1 -1.2
35 -0.125 -1.05 -1.925 35 -0.375 -1.15 -1.175
35.5 -0.1 -1.1 -1.95 35.5 -0.375 -1.25 -1.175
36 -0.1 -1.15 -1.95 36 -0.35 -1.275 -1.175
36.5 -0.075 -1.2 -1.975 36.5 -0.35 -1.275 -1.15
37 -0.075 -1.25 -1.975 37 -0.325 -1.275  
37.5 -0.075 -1.3 -1.975 37.5 -0.3 -1.3  
38 -0.05 -1.35 -2 38 -0.275 -1.3  
38.5 -0.05 -1.4 -2 38.5 -0.25 -1.3  
39 -0.075 -1.45 -2.025 39 -0.225 -1.3  
39.5 -0.075 -1.5 -2.025 39.5 -0.2 -1.3  
40 -0.1 -1.55 -2.025 40 -0.175 -1.3  
40.5 -0.125 -1.575 -2.05 40.5 -0.15 -1.3  
41 -0.15 -1.625 -2.05 41 -0.125 -1.325  
41.5 -0.175 -1.65 -2.075 41.5 -0.125 -1.35  
42 -0.2 -1.7 -2.075 42 -0.1 -1.375  
42.5 -0.225 -1.725 -2.1 42.5 -0.075 -1.375  
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43 -0.275 -1.75 -2.1 43 -0.075 -1.4  
43.5 -0.3 -1.775 -2.1 43.5 -0.1 -1.4  
44 -0.35 -1.8 -2.125 44 -0.125 -1.4  
44.5 -0.4 -1.825 -2.125 44.5 -0.15 -1.425  
45 -0.45 -1.85 -2.125 45 -0.175 -1.425  
45.5 -0.475 -1.9 -2.15 45.5 -0.2 -1.425  
46 -0.525 -1.925  46 -0.225 -1.45  
46.5 -0.55 -1.925  46.5 -0.25 -1.45  
47 -0.6 -1.95  47 -0.3 -1.45  
47.5 -0.625 -1.975  47.5 -0.35 -1.45  
48 -0.7 -2  48 -0.4 -1.475  
48.5 -0.75 -2  48.5 -0.425 -1.475  
49 -0.8 -2.025  49 -0.425   
49.5 -0.85 -2.05  49.5 -0.45   
50 -0.9 -2.05  50 -0.475   
50.5 -0.95 -2.075  50.5 -0.525   
51 -1 -2.1  51 -0.6   
51.5 -1.05 -2.1  51.5 -0.7   
52 -1.1 -2.125  52 -0.75   
52.5 -1.15 -2.125  52.5 -0.8   
53 -1.2 -2.15  53 -0.85   
53.5 -1.25 -2.15  53.5 -0.9   
54 -1.3 -2.175  54 -0.925   
54.5 -1.325 -2.175  54.5 -0.95   
55 -1.375 -2.175  55 -1   
55.5 -1.4 -2.2  55.5 -1.025   
56 -1.45 -2.2  56 -1.05   
56.5 -1.5 -2.225  56.5 -1.1   
57 -1.525 -2.225  57 -1.1   
57.5 -1.575 -2.25  57.5 -1.125   
58 -1.6 -2.275  58 -1.15   
58.5 -1.65 -2.3  58.5 -1.175   
59 -1.675 -2.325  59 -1.225   
59.5 -1.725 -2.35  59.5 -1.25   
60 -1.775 -2.375  60 -1.3   
60.5 -1.825 -2.4  60.5 -1.35   
61 -1.875 -2.425  61 -1.4   
61.5 -1.9   61.5 -1.45   
62 -2   62 -1.525   
62.5 -2.025   62.5 -1.6   
63 -2.05   63 -1.65   
63.5 -2.075   63.5 -1.75   
64 -2.1   64 -1.9   
64.5 -2.15   64.5 -2   
65 -2.15   65 -2.1   
65.5 -2.175   65.5 -2.15   
66 -2.2   66 -2.175   
66.5 -2.225   66.5 -2.2   
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67 -2.225   67 -2.225   
67.5 -2.25   67.5 -2.225   
68 -2.275   68 -2.225   
68.5 -2.275   68.5 -2.25   
69 -2.3   69 -2.25   
69.5 -2.3   69.5 -2.25   
70 -2.325   70 -2.25   
70.5 -2.325   70.5 -2.25   
71 -2.325   71 -2.25   
71.5 -2.325   71.5 -2.25   
72 -2.35   72 -2.25   
72.5 -2.35   72.5 -2.275   
73 -2.375   73 -2.3   
73.5 -2.375   73.5 -2.35   
74 -2.4       
74.5 -2.4       
75 -2.425       
75.5 -2.425       
76 -2.425       
76.5 -2.425       
77 -2.425       
77.5 -2.45       
78 -2.45       
78.5 -2.45       
79 -2.475       
79.5 -2.475       
80 -2.475       
80.5 -2.475       
81 -2.5       
81.5 -2.5       
82 -2.525       
82.5 -2.525       
83        
Apr-09 Transect1 Transect2 Transect3 May-09 Transect1 Transect2 Transect3 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
0 -0.35 0.3 -0.225 0 -0.05 -0.35 -0.25
0.5 -0.4 0.35 -0.225 0.5 -0.1 -0.35 -0.25
1 -0.425 0.375 -0.225 1 -0.15 -0.35 -0.225
1.5 -0.45 0.425 -0.225 1.5 -0.2 -0.325 -0.2
2 -0.5 0.475 -0.2 2 -0.275 -0.325 -0.2
2.5 -0.55 0.5 -0.2 2.5 -0.325 -0.325 -0.175
3 -0.575 0.55 -0.175 3 -0.375 -0.3 -0.175
3.5 -0.6 0.6 -0.175 3.5 -0.45 -0.3 -0.15
4 -0.65 0.625 -0.15 4 -0.55 -0.275 -0.15
4.5 -0.7 0.65 -0.05 4.5 -0.65 -0.275 -0.125
5 -0.725 0.65 0 5 -0.75 -0.275 -0.125
5.5 -0.75 0.65 0.025 5.5 -0.95 -0.275 -0.125
6 -0.775 0.625 0.025 6 -0.925 -0.25 -0.1
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6.5 -0.8 0.575 0.05 6.5 -0.975 -0.25 -0.1
7 -0.8 0.475 0.05 7 -1 -0.25 -0.1
7.5 -0.8 0.35 0.05 7.5 -1.025 -0.225 -0.1
8 -0.8 0.25 0.025 8 -1.025 -0.225 -0.1
8.5 -0.775 0.15 0.025 8.5 -1.025 -0.225 -0.075
9 -0.75 0.05 0.025 9 -1.05 -0.2 -0.075
9.5 -0.725 0.05 0 9.5 -1.025 -0.2 -0.075
10 -0.7 0.1 -0.025 10 -1.025 -0.2 -0.075
10.5 -0.675 0.175 -0.05 10.5 -1.025 -0.175 -0.1
11 -0.65 0.25 -0.05 11 -1 -0.175 -0.1
11.5 -0.625 0.25 -0.075 11.5 -0.975 -0.175 -0.1
12 -0.575 0.2 -0.1 12 -0.975 -0.15 -0.1
12.5 -0.55 0.125 -0.15 12.5 -0.975 -0.15 -0.125
13 -0.525 0.05 -0.175 13 -0.95 -0.15 -0.15
13.5 -0.525 -0.05 -0.2 13.5 -0.95 -0.15 -0.175
14 -0.5 -0.1 -0.225 14 -0.925 -0.15 -0.2
14.5 -0.475 -0.2 -0.25 14.5 -0.9 -0.125 -0.25
15 -0.45 -0.25 -0.3 15 -0.9 -0.125 -0.275
15.5 -0.45 -0.3 -0.35 15.5 -0.875 -0.125 -0.3
16 -0.425 -0.35 -0.4 16 -0.85 -0.1 -0.35
16.5 -0.4 -0.375 -0.45 16.5 -0.8 -0.075 -0.4
17 -0.4 -0.4 -0.5 17 -0.75 -0.05 -0.425
17.5 -0.375 -0.45 -0.55 17.5 -0.7 -0.025 -0.45
18 -0.35 -0.475 -0.6 18 -0.675 -0.025 -0.5
18.5 -0.35 -0.525 -0.65 18.5 -0.65 0.025 -0.55
19 -0.325 -0.55 -0.7 19 -0.625 0.05 -0.575
19.5 -0.325 -0.6 -0.75 19.5 -0.625 0.075 -0.65
20 -0.3 -0.65 -0.775 20 -0.6 0.1 -0.675
20.5 -0.3 -0.7 -0.825 20.5 -1.125 0.125 -0.725
21 -0.275 -0.8 -0.875 21 -0.55 0.15 -0.8
21.5 -0.275 -0.9 -0.9 21.5 -0.525 0.2 -0.9
22 -0.25 -1.05 -0.95 22 -0.525 0.25 -1
22.5 -0.25 -1.15 -1 22.5 -0.5 0.3 -1.1
23 -0.225 -1.2 -1.05 23 -0.5 0.35 -1.2
23.5 -0.2 -1.25 -1.125 23.5 -0.475 0.45 -1.275
24 -0.2 -1.3 -1.2 24 -0.475 0.5 -1.4
24.5 -0.2 -1.35 -1.325 24.5 -0.475 0.525 -1.525
25 -0.175 -1.375 -1.4 25 -0.45 0.5 -1.6
25.5 -0.175 -1.4 -1.5 25.5 -0.45 0.45 -1.65
26 -0.15 -1.45 -1.575 26 -0.45 0.4 -1.7
26.5 -0.15 -1.5 -1.625 26.5 -0.425 0.3 -1.725
27 -0.15 -1.525 -1.65 27 -0.425 0.2 -1.725
27.5 -0.125 -1.575 -1.675 27.5 -0.425 0.1 -1.75
28 -0.125 -1.625 -1.7 28 -0.425 0.05 -1.75
28.5 -0.125 -1.7 -1.7 28.5 -0.425 0.025 -1.775
29 -0.125 -1.8 -1.725 29 -0.425 0 -1.775
29.5 -0.1 -1.9 -1.725 29.5 -0.4 0 -1.8
30 -0.1 -2.1 -1.75 30 -0.4 0 -1.8
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30.5 -0.075 -2.25 -1.75 30.5 -0.375 0 -1.825
31 -0.075 -2.45 -1.75 31 -0.375 0 -1.825
31.5 -0.075  -1.775 31.5 -0.35 0 -1.825
32 -0.1  -1.775 32 -0.35 -0.025 -1.825
32.5 -0.1  -1.775 32.5 -0.325 -0.025 -1.825
33 -0.125  -1.8 33 -0.325 -0.05 -1.85
33.5 -0.15  -1.8 33.5 -0.325 -0.1 -1.85
34 -0.175  -1.8 34 -0.3 -0.15 -1.85
34.5 -0.2  -1.8 34.5 -0.3 -0.2  
35 -0.25   35 -0.3 -0.25  
35.5 -0.3   35.5 -0.3 -0.3  
36 -0.35   36 -0.3 -0.325  
36.5 -0.4   36.5 -0.3 -0.375  
37 -0.45   37 -0.3 -0.4  
37.5 -0.5   37.5 -0.3 -0.45  
38 -0.55   38 -0.3 -0.5  
38.5 -0.6   38.5 -0.3 -0.525  
39 -0.65   39 -0.3 -0.575  
39.5 -0.7   39.5 -0.3 -0.6  
40 -0.75   40 -0.325 -0.65  
40.5 -0.775   40.5 -0.325 -0.7  
41 -0.825   41 -0.75 -0.725  
41.5 -0.75   41.5 -0.4 -0.775  
42 -0.9   42 -0.45 -0.85  
42.5 -0.925   42.5 -0.5 -1  
43 -0.95   43 -0.575 -1.1  
43.5 -0.975   43.5 -0.625 -1.125  
44 -1   44 -0.675 -1.15  
44.5 -1.025   44.5 -0.7 -1.15  
45 -1.05   45 -0.75 -1.15  
45.5 -1.075   45.5 -0.775 -1.15  
46 -1.1   46 -0.825 -1.15  
46.5 -1.25   46.5 -0.85 -1.15  
47 -1.15   47 -0.875 -1.15  
47.5 -1.175   47.5 -0.9 -1.15  
48 -1.2   48 -0.95 -1.175  
48.5 -1.225   48.5 -0.975 -1.175  
49 -1.25   49 -1 -1.175  
49.5 -1.275   49.5 -1.025 -1.175  
50 -1.325   50 -1.075   
50.5 -1.4   50.5 -1.1   
51 -1.45   51 -1.15   
51.5 -1.975   51.5 -1.175   
52 -2.05   52 -1.2   
52.5 -2.125   52.5 -1.25   
53 -2.15   53 -1.275   
53.5 -2.2   53.5 -1.325   
54 -2.225   54 -1.35   
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54.5 -2.25   54.5 -1.375   
55 -2.25   55 -1.4   
55.5 -2.25   55.5 -1.45   
56 -2.275   56 -1.5   
56.5 -2.275   56.5 -1.55   
57 -2.3   57 -1.625   
57.5 -2.325   57.5 -1.725   
58 -2.325   58 -1.85   
58.5 -2.35   58.5 -1.95   
59 -2.35   59 -2.05   
59.5 -2.35   59.5 -2.1   
60 -2.375   60 -2.175   
60.5 -2.375   60.5 -2.225   
61 -2.4   61 -2.3   
61.5 -2.4       
62 -2.425       
62.5 -2.425       
63 -2.45       
63.5 -2.45       
64 -2.45       
64.5 -2.475       
65 -2.475       
65.5 -2.475       
66 -2.5       
 
Jun-09 Transec1 Transect2 Transect3 
Distance 
(m) 
Elevation 
(m) 
Elevation 
(m) 
Elevation 
(m) 
0 0.05 -0.6 -0.25
0.5 0 -0.6 -0.25
1 -0.025 -0.575 -0.25
1.5 -0.05 -0.575 -0.25
2 -0.1 -0.55 -0.25
2.5 -0.15 -0.55 -0.225
3 -0.2 -0.525 -0.2
3.5 -0.275 -0.525 -0.175
4 -0.35 -0.525 -0.125
4.5 -0.45 -0.5 -0.1
5 -0.5 -0.5 -0.05
5.5 -0.575 -0.475 0
6 -0.65 -0.475 0.05
6.5 -0.7 -0.45 0.1
7 -0.75 -0.45 0.125
7.5 -0.8 -0.45 0.175
8 -0.85 -0.45 0.2
8.5 -0.875 -0.425 0.225
9 -0.9 -0.425 0.225
9.5 -0.925 -0.425 0.2
10 -0.95 -0.4 0.175
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10.5 -0.975 -0.4 0.125
11 -0.975 -0.4 0.05
11.5 -0.975 -0.4 -0.025
12 -0.975 -0.375 -0.1
12.5 -0.975 -0.375 -0.175
13 -0.95 -0.375 -0.25
13.5 -0.95 -0.375 -0.3
14 -0.95 -0.35 -0.35
14.5 -0.95 -0.35 -0.375
15 -0.95 -0.325 -0.425
15.5 -0.925 -0.325 -0.45
16 -0.925 -0.3 -0.475
16.5 -0.9 -0.275 -0.525
17 -0.875 -0.25 -0.55
17.5 -0.875 -0.2 -0.6
18 -0.85 -0.175 -0.625
18.5 -0.8 -0.125 -0.675
19 -0.75 -0.075 -0.725
19.5 -0.7 -0.05 -0.775
20 -0.65 0 -0.825
20.5 -0.6 0.05 -0.875
21 -0.55 0.1 -0.925
21.5 -0.525 0.125 -0.95
22 -0.5 0.175 -1.025
22.5 -0.475 0.2 -1.05
23 -0.45 0.225 -1.1
23.5 -0.45 0.225 -1.15
24 -0.425 0.225 -1.2
24.5 -0.4 0.2 -1.25
25 -0.4 0.125 -1.3
25.5 -0.375 0.05 -1.35
26 -0.375 -0.05 -1.425
26.5 -0.35 -0.15 -1.45
27 -0.35 -0.25 -1.525
27.5 -0.35 -0.3 -1.575
28 -0.35 -0.35 -1.6
28.5 -0.35 -0.4 -1.65
29 -0.35 -0.45 -1.7
29.5 -0.35 -0.475 -1.75
30 -0.35 -0.525 -1.775
30.5 -0.35 -0.55 -1.8
31 -0.35 -0.575 -1.825
31.5 -0.35 -0.6 -1.825
32 -0.35 -0.65 -1.85
32.5 -0.35 -0.675 -1.85
33 -0.35 -0.7 -1.85
33.5 -0.35 -0.75 -1.875
34 -0.35 -0.775 -1.875
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34.5 -0.35 -0.8 -1.9
35 -0.35 -0.85 -1.9
35.5 -0.35 -0.875 -1.9
36 -0.35 -0.9 -1.9
36.5 -0.325 -0.95 -1.9
37 -0.325 -0.975 -1.925
37.5 -0.3 -1.025 -1.925
38 -0.3 -1.05 -1.925
38.5 -0.275 -1.1 -1.925
39 -0.275 -1.15 -1.95
39.5 -0.25 -1.225 -1.95
40 -0.25 -1.3 -1.95
40.5 -0.25 -1.4 -1.975
41 -0.25 -1.5 -1.975
41.5 -0.25 -1.55 -2
42 -0.25 -1.625 -2
42.5 -0.275 -1.675 -2.025
43 -0.275 -1.7 -2.025
43.5 -0.3 -1.725 -2.05
44 -0.325 -1.75 -2.05
44.5 -0.35 -1.775 -2.075
45 -0.375 -1.8 -2.075
45.5 -0.425 -1.8 -2.075
46 -0.45 -1.825  
46.5 -0.5 -1.85  
47 -0.525 -1.85  
47.5 -0.575 -1.85  
48 -0.6 -1.85  
48.5 -0.65 -1.875  
49 -0.675 -1.875  
49.5 -0.725 -1.9  
50 -0.75 -1.9  
50.5 -0.775 -1.925  
51 -0.825 -1.925  
51.5 -0.875   
52 -0.9   
52.5 -0.95   
53 -1   
53.5 -1.075   
54 -1.15   
54.5 -1.2   
55 -1.3   
55.5 -1.375   
56 -1.45   
56.5 -1.55   
57 -1.6   
57.5 -1.675   
58 -1.725   
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58.5 -1.75   
59 -1.8   
59.5 -1.85   
60 -1.875   
60.5 -1.925   
61 -1.95   
61.5 -1.975   
62 -2   
62.5 -2.025   
63 -2.075   
63.5 -2.1   
64 -2.125   
64.5 -2.15   
65 -2.175   
65.5 -2.2   
66 -2.225   
966.5 -2.25   
67 -2.25   
67.5 -2.275   
68 -2.3   
68.5 -2.3   
69 -2.325   
69.5 -2.325   
70 -2.35   
70.5 -2.35   
71 -2.375   
71.5 -2.375   
 
Murphy 60
Appendix II: Beach Profiles 
 
 Beach Profile Graph for Transect 1 Showing All Months (VE = 20X): 
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 Beach Profile Graph for Transect 2 Showing All Months (VE=20X): 
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 Beach Profile Graph for Transect 3 Showing All Months (VE=20X): 
 
B
ea
ch
 P
ro
fil
e 
fo
r T
ra
ns
ec
t 3
 D
is
pl
ay
in
g 
Al
l M
on
th
ly
 D
at
a
-2
.5-2
-1
.5-1
-0
.500.
51
0
5
10
15
20
25
30
35
40
45
D
is
ta
nc
e 
(m
)
Elevation (m)
N
ov
-0
8 
El
ev
at
io
n 
(m
)
Ja
n-
09
 E
le
va
tio
n 
(m
)
Fe
b-
09
 E
le
va
tio
n 
(m
)
M
ar
-0
9 
El
ev
at
io
n 
(m
)
Ap
r-
09
 E
le
va
tio
n 
(m
)
M
ay
-0
9 
El
ev
at
io
n 
(m
)
Ju
n-
09
 E
le
va
tio
n 
(m
)
